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SUMMARY 
 
Historically defence plans and more specifically load shedding schemes, have always been designed 
nationally. After the severe disturbance in Europe in 2006, it became clear that the schemes used in the 
different control zones were not aligned. As a  consequence there was an  uneven distribution of the 
load shed in the different zones. A first step in achieving a more unified approach to withstand a large 
under frequency incidents has, been taken by ENTSO-E. But starting from policy 5 concerning 
emergency operations, it became clear that still a lot of variation  to the proposed scheme is possible. 
This can be variations in the amount of load shed in each step, the frequency settings at which the 
shedding takes place and total amount of load that is shed at 48Hz. An overview of the different 
schemes used in Western Europe in 2006 is given and a comparison is made with some of the scheme 
currently in use. Starting from this comparison, the question rises of how these schemes would 
interact. To investigate the consequences of different approaches in designing an under frequency load 
shedding schemes in an interconnected system, simulations on a two zone system have been 
performed. From the different combinations simulated, it became clear that different approaches not 
necessarily lead to a higher total amount of load shed, but that the shedding is more located in specific 
zones. A unified approach results in similar amounts of load shed but more evenly spread over the 
zones. It should also be noted that this harmonisation does not imply that exactly the size for the steps 
or frequency setting for the tripping of the relay should be used. As this could result in a big load 
disconnection which in turn could lead to an overcompensation. Therefore the band  around the linear 
scheme proposed by ENTSO-E should be defined more clearly. Also the minimum total amount of 
load that should be shed at 48 Hz should be defined. 
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1. Introduction 
 
Historically defence plans have always been designed nationally, due to the importance of  the 
electricity grid to the nation’s economy and as the interconnection to neighbouring states were only 
limited. A part of this defence plan is the under frequency load shedding scheme (UFLS), intended to 
protect the system against a collapse caused by a frequency instability. As the European continental 
power system is synchronous and strongly interconnected, a contingency in one control zone can have 
a considerable impact in the other zones of the system. Therefore a uniform approach is preferred for 
the design of this under frequency protection scheme. ENTSO-E has done a first step in achieving this, 
by writing recommendations for the design of these UFLS schemes in policy 5: emergency situations. 
These recommendations are not binding and they still allow a lot of freedom in determining the set 
point for the under frequency load shedding relays. Therefore the actual implemented schemes of the 
different transmission system operators are quite different (Figure 2). This was clearly illustrated 
during the emergency situation taken place on the 4th of November 2006[1]. During this event the 
European continental power system was split in three parts. The western part had a shortage of 
generation, which resulted in an under frequency situation. As a consequence the under frequency load 
shedding scheme was activated and protected the system from a full collapse. During the analysis of 
the event it became clear that not every control zone contributed by the same amount to protect the 
system. The amounts of load shed vary between 0.1% in Switzerland and 19% in Portugal, which is a 
considerable difference.  
 
Table 1 Load shed during 2006 UCTE Disturbance [1] 
 
 
2. Recommendations made by ENTSO-E 
 
In Figure 1, the by ENTSO-E recommended load shedding scheme is displayed [2,4]. At the frequency 
of 49 Hz, it is recommended to shed at least 5% of the load. The percentage for the step size refers to 
the annual winter peak consumption (annual cold spell; ACS). This is the consumption on a specific 
day in January. Though most of the time the actual load is lower than this winter peak consumption. 
Therefore also the actual amount of load shed in a specific step can be significantly lower than the 
actual previsioned disconnected load in the load shedding scheme.  It is also allowed to do the first 
step of the shedding scheme already at 49,2 Hz. If the frequency drops further below 49 Hz, then a 
linear stepwise disconnection is recommended by this scheme. The suggested scheme takes steps of 
10% such that at 48 Hz, 50% of the load has been shed. Though the transmission system operator is 
free in determining the exact amount of load shed in each of these steps according to its own 
simulations and needs. Usually the steps vary between 5 and 10%. If the steps become smaller than 
5%, then the possibility exists that there is no load connected on the feeder behind the under frequency 
relay. This reduces the responds to stabilize the system frequency. As a consequence, the following 
steps will be activated. But this can result in an uneven contribution by different zones if different 
schemes are being used. Also the maximum step size has to be limited, to not cause an over 
compensation or any dynamic instabilities. It is also recommended that the TSOs adapt their load 
shedding plan in order to take the additional loss of generation into account. These are usually small 
embedded generation units such as wind turbines, combined heat and power generation units and 
photovoltaic panels that will disconnect before the load shedding scheme is activated.  
 
3. The Different Schemes: Theoretical and in Reality 
 
Within the ENTSO-E RG CE framework described above, still a lot of variation is possible. The 
different types of possible schemes, are given by the different curves in Figure 1.  
  
Curve A, can be seen as a late load shedding scheme. This means that in the first steps of the load 
shedding scheme, close to 49Hz, a relative small amount of load will be shed compared with the size 
of the steps closer to 48Hz. This type of scheme is not favourable to cope with large frequency 
instabilities as it allows a fast decay of the frequency and will only act on the last moment. Therefore 
the risk exists that the relays will act to late and full system collapse will occur. A positive effect of the 
late scheme is, that it can reduce the amount of affected customers in the case of a frequency 
instability that has a minimum frequency just below 49 Hz, as the first steps of this scheme have a 
smaller size. Though this advantage does not equipoise the risk of system collapse in case of large 
frequency instabilities. In an interconnected system, a system operator could use this approach to 
reduce the impact of large contingencies on his own customers while relying on the neighbouring 
TSOs to resolve the instability. But it is more likely that a  transmission system operator ends up with 
such a scheme unintentionally. As the size of the steps are determined based on the ACS, the actual 
amount of load shed in the first stages of the load shedding scheme can be considerably lower, for 
example during the night. Or in some countries even more, if the event occurs on a moment with a 
significant amount of energy generated by embedded renewable energy sources. The embedded 
generation units are mainly connected on feeders with a lot of residential consumption, which are 
mostly the low priority feeders. 
 
 
Figure 1 Proposed scheme by ENTSO-E and curves of possible schemes [2] 
A second scheme is the linear load shedding scheme. This is given by the curve B in Figure 1. In this 
scheme, the size of each step will remain the same. So if the frequency drops below 49 Hz during an 
event, then the amount of load shed will increase linearly with the depth of the frequency dip. This 
scheme is also proposed by ENTSO-E, as it is not the optimal scheme, but has an adequate effect on 
limiting both very large, as limited under frequency deviations. Though, as already explained above, 
the risk exist that you end up in a late shedding scheme unintentionally, as the exact amount of load 
that can be shed depends on the moment on which the event is taking place. 
 
The third scheme that is considered here, curve C, is the early shedding scheme. In this scheme the 
size of the first steps, close to 49 Hz, will be larger than the size of the steps closer to 48 Hz. This 
means that a larger amount of the load will be shed at the beginning of the scheme compared to the 
amount of load that will be shed at the end of the scheme. The advantage of this scheme is, that it is 
very adequate to cope with very large under frequency instabilities. As it will slow down the 
frequency decay very quickly and as such cause the frequency to stabilize much faster than a late or 
linear shedding scheme. The disadvantage of this scheme is, that in the case of smaller frequency 
instability events (minimum frequency close to 49 Hz), more load will be disconnected than necessary. 
The cost of this action can thus be higher than strictly necessary. But this has to be put in perspective 
with the number of activations of the scheme. An early shedding scheme is already used by some 
TSOs to take into account the extra disconnection of small embedded generation units, such as small 
cogeneration, wind and photovoltaic units. Though, the size of the first steps should also not be made 
to large, to avoid the possibility of overcompensating and causing an over frequency problem. 
  
Figure 2 gives an overview of some of the under frequency load shedding schemes which were 
implemented in Western Europe1in 2006. These schemes show a similar trend. All the TSOs start the 
load shedding at 49 Hz. Below 49 Hz the shedding takes place at different set points. This is not 
necessarily bad, as it causes a certain smoothing of the load shedding at the system level compared to 
“synchronized” steps at a certain frequency in all zones. But it is clear that the step size used in each 
control zone is different. The step size varies from 3% to 20%. Most of the schemes depicted here use 
a quasi-linear scheme. TSO2 and TSO3 use the same frequency setting, but use a different step size. 
As a result TSO2 will always shed more load than TSO3. TSO4 and TSO1 use the same step size, but 
use a different trip frequency. As a result TSO4 will always shed before TSO1. What is important to 
notice is that at 48Hz the total amount of load shed varies between 40 and 60%. Also one TSO would 
only have shed 8% at 48 Hz. After the disturbance many of the TSOs did change their load shedding 
schemes in line with policy 5 of ENTSO-E. In the framework of the iTesla project, a survey 
concerning the load shedding schemes has been done. From this, it became clear that still a lot of 
variation exists. The size of the steps can still be changing from 5 to 20%, and still not all the schemes 
lead to a shedding of 50% of the load at 48Hz. On the left in Figure 3 three schemes currently used in 
Europe, are shown. Not all of these schemes start shedding load at 49Hz. Next to that it is clear that 
the steps used are not of the same size. Also the amount of load shed at 48 Hz varies between 25 and 
70%. On the right side it is clear that there is an uneven distribution between the different zones. For 
example at 49Hz TSO1 sheds 5%, TSO2 20% and TSO3 0%. The contribution of TSO1 is therefore 
one fifth of the total % shed. 
 
 
Figure 2 Example of load shedding schemes in Europe in 2006 [1] 
 
 
Figure 3 Left: 3 schemes in Europe. Right: relative contribution if these schemes in one system 
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Figure 4 Two zone test system based on Eurostag Tutorial example 4 [3] 
4. The Network and the Simulations 
 
To simulate the interactions of the different schemes a full dynamic model of a network is needed. To 
identify the global effects of the combination of different schemes on different zones, a network 
consisting of two zones is proposed. Subsequently the results for the combinations of different 
schemes on this network will be discussed. 
 
The network used for this analysis is based on the multi-area network used in the tutorial of 
EUROSTAG5.1. The one zone network consists of 4 areas with conventional generation. The area C 
has been modified. In this area three generators have been connected to the NHVCEQ bus through a 
step up transformer. Two of these generators are coal fired power plants (1000MW) and one is a 
nuclear power plant (1000MW). There are also coal fired units in zones A and B: a 1100 MW 
generator connected in area A and a 500MW and 200MW generator in area B. All of the generators 
are equipped with a governor and an AVR. No gas fired units or intermittent generation units have 
been modelled here. The loads are connected in the areas A, B and C. In area A and B, they are of the 
impedance type, while the load in area C is modelled as a constant power load. In each zone, 3800MW 
of load is connected. In all the areas 50% of the loads are equipped with under frequency load 
shedding relays. 
  
This one zone network has been doubled and interconnected by two lines, to create a two zone system. 
Line 1 connects the busses NHVC2 -NHVA23 and line 2 connects the busses NHVB1-NHVC21. 
Because of these connections, there is a flow from zone one to zone two over line 1 and from zone two 
to zone one over line 2. 
 
During the simulations the combinations of the different load shedding schemes, given in the Figure 5, 
are tested on this network. These schemes are similar to the schemes described in Figure 1 and are also 
labelled as late, linear and early. For the early, linear and late scheme the frequency settings are the 
same. Below a frequency of 48,1 Hz, 50% of the load will be shed for all the schemes. The outage of 
multiple generation units (2550MW), connected to the bus NHVEQ, is simulated to represent a large 
frequency deviation. This contingency could occur in the case of a double bus bar fault. 
  
 
Figure 5 Left a five step shedding scheme and right a ten step shedding scheme 
The results are given in Table 2. The name of the different cases consists of two parts. The first part 
represents the scheme used in control zone one, while the second part represents the scheme used in 
control zone two. For example “linlate” means that in control zone one a linear scheme is being used, 
while in control zone two a late shedding scheme is being used. Firstly, consider all the schemes to 
consist of 5 load shedding steps. Based on different schemes in different zones, different results are 
obtained. From Table 2, it can be seen that in the case one of the two TSOs uses a late shedding 
scheme while the other uses the linear scheme (linlate) or both use the late shedding approach 
(latelate), that more load shedding steps will need to be activated to stabilize the system compared to a 
linear scheme in both systems (linlin). As a consequence at least the same total amount of load will be 
shed. In the combination “linlate”, an additional step is activated compared to the “linlin” case. This 
means that also customers with a higher priority will be disconnected, which causes a higher impact of 
the event. One can also notice that for this “linlate” case the contributions to mitigate the frequency  
 
Table 2 Simulation results for the combinations of schemes 
 
 
imbalance are not divided equally between the two zones. In this case, control zone one disconnects 
50% more load compared to zone two. And because one of the two zones uses this late approach also 
the maximum frequency drop will be deeper. The “linlate” case can thus results in more load to be 
shed than strictly necessary. For the case that the two zones use the early approach, the frequency 
instability will be corrected much faster, and the time to reach the minimum frequency is considerably 
lower. But slightly more load has been shed compared to the “linlin” case. In the case that zone two 
uses the early approach and zone one the linear, the load shed in each zone is clearly unbalanced. Zone 
two will disconnect 10% more load than zone one. Also the frequency dip is smaller. Making use of 
more load shedding steps, reduces overcompensation (ex. “linlate” 5 steps and “linlate” 10 steps) and 
for some events the total amount of load shed can even be smaller. Though one should take care that 
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there is no overlap between the actual opening of the switch gear of a certain load shedding step and 
the activation of the next load shedding step. It should also be noticed that between the moment of 
triggering the relay and opening of the switchgear there is a time period that can be up to 350ms. This 
time period depends on the relay, the communication between relay and switchgear and the actual 
opening of the switchgear. Therefore a minimum difference between two consecutive under frequency 
load shedding steps should be respected. An often used minimum value is 0.1 Hz between two steps. 
 
Overall it can be seen that when different zones use the same approach, less load will be shed to 
stabilize the system. For the “earlylate” case the total load shed was lower but there was a very uneven 
distribution what could cause high priority customers in zone one to be disconnected, while the other 
zone was affected much less. It can also be seen that increasing the number of steps in the scheme will 
generally reduce the risk of overcompensation. 
 
5. Considerations and recommendations 
 
Generally using the same approach in all the systems gives better results. The amount of load shed in 
total is limited and the amount of load shed in each zone is more or less equal. So the burden is spread 
more equally over all the zones, which causes the priority ranking of customers to be respected. 
Generally an early approach will cause a smaller frequency dip but more load could be disconnected 
than a late approach. Using a different approach in each control zone often results in more load to be 
disconnected. But it always results in an uneven distribution of the load shedding between the different 
zones. Therefore the zone that will activate at the highest frequency settings, will activate a larger part 
of its scheme. And as such will have more affected customers. To minimize the possibility to end up in 
this unwanted situation. The allowed deviations of step size, and as such closely linked the number of 
steps, should be reduced. This should be done through a further harmonization towards the linear 
scheme, specific grid codes or through a change of the regulatory framework. One should of course 
keep in mind that it remains impossible to know the exact amount of load that will be connected 
during an event. But by harmonizing the design of the scheme, the real deviations from the linear 
scheme can be kept limited. As in many countries the DSO is responsible for the final implementation 
of the scheme, the communication between both TSOs amongst each other and between TSO and 
DSO is crucial in facilitating this harmonisation. Finally it should be noted that the amount of load 
connected to the system is continuously changing depending on the season, moment during the day,.. 
And these load patterns will do so even more under the impulse of embedded generation and local 
storage. Now the relays are updated ad hoc, but updating these relays settings in function of the 
season, moment of the day, or as a function of a predicted amount of renewable generation, could 
ameliorate the effectiveness of the scheme. Though with the current relays it is often not possible to do 
such fast changes of the settings. A first step in the harmonisation could be the periodic (every X 
years) aligning of the schemes between TSOs. 
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